Commercial-off-the-shelf (COTS) capacitor-based isolation amplifiers were irradiated at the Portuguese Research Reactor (PRR) in order to determine its tolerance to the displacement damage and total ionising dose (TID). The set of experimental data shows that some of these devices are suitable for zones inside future nuclear facilities where the expected total radiation damage would be below 2.2·10
Introduction

1
In electronic design, it is often necessary the use of analog subcircuits with separated grounds. as particles or very energetic photons (Gamma, X rays). Nowadays, the state-of-the-art offers is used to charge and discharge a capacitor, C IN , connected to the output of the amplifier A. This 34 node is also connected to a comparator (E ) that evaluates the difference between the output of A
35
and a 500-kHz wave generator. Thus, a square signal with a duty cycle depending on the size of
36
I IN and, evidently, on V IN is obtained at the output of E.
37
This signal as well as its complementary is transmitted through the isolation barrier by means 38 of a couple of capacitors so they reach the inputs of another comparator (C ), which acts as a buffer
39
to recover the signal. The width-modulated square signal is decoded using several devices in such 40 a way that the initial voltage value is regenerated at the output node of the isolation amplifier.
41
Unfortunately, it is impossible to reach the internal devices without destroying the isolation Gy(Si) Gy(Si)/h ·Gy/10 13 1-MeV n/cm 2 the total radiation dose will be expressed in units of 1-MeV n/cm 2 , the TID value being calculated 85 using the ratios of TID vs. neutron fluence found on Table 1 .
86
The temperature was measured with PT-100 resistive temperature detectors distributed along 87 the facility cavity, which has an injecting-air cooling system so the temperature kept stable around 88
26-27
o C during the whole radiation. an acquisition system consisting in a personal computer, an accurate digitally controlled voltage 94 source, two precision multimeters, and a matrix switching system, all of them controlled by a 95 general purpose interface bus (GPIB). The distance between the samples at the reactor cavity and 96 the instrumentation system was on the order of 3-4 m so low-resistance shielded pipes were used 97 to connect both parts. It is necessary to say that all the voltages were measured on the boards.
98
This fact is especially important in the case of the input voltage, which was not measured at the 99 input voltage source but directly on the board. Also, the isolation amplifiers were disconnected 100 from the input source and voltmeters using mechanical relays and connected again only during the 101 interval needed to characterise the devices. linearly fitted to obtain the values of K and V OS , ∆V OU T is: 
where
Initial values of the input resistance are shown in 
144
The origin of this difference of behaviour would come from the same fact as the transmission 145 gain. Offset voltages are caused by mismatches among the internal components of a specific device.
146
Radiation damage makes these differences more significant changing the value of the offset voltage.
147
These mismatches are unknown so, provided the great number of parameters involved in the value 148 of the offset voltage, the final evolution is impossible to predict. This evolution of the offset In ideal isolation amplifiers, the value of this parameter is 0 V, situation that is never achieved 157 in actual devices due to the output noise and the nonlinearity of the device. 
Input resistance, R IN
169
According to the manufacturer, the value of this parameter is 200 kΩ. However, actual devices 170 do not accomplish this requirement (Table 2 ). In fact, the value of R IN in the ISO122 varies from The values of these parameters were initially distributed between ±150 mV in all the tested 182 devices. Unlike the offset voltage, the change was steady and monotonic without a constant shift 183 rate that could strongly vary from one sample to another (Figure 11 ). For instance, the most 184 irradiated sample of the ISO122 showed a shift rate of 1.02 mV/10 13 n/cm 2 while, in the second 185 sample of the same device, the ratio was -9.44 mV/10 13 n/cm 2 , more than nine times larger. The main characteristic of these devices is the ability to insulate input and output stages.
197
Therefore, it is essential to verify the integrity of the isolation barrier.
198
The isolation mode rejection ratio (IMRR) is a parameter that evaluates the influence of the 199 common-mode voltage, V ISO , on the output and is defined as:
In order to measure it, a common-mode voltage between ±1000 V was applied between the 201 stages with the purpose of measuring the slight output voltage variations. However, and as it 202 occurred with the PSRR, the noise was so significant that we could only estimate that the IMRR 203 was always larger than 120 dB in the pristine samples of both kinds of amplifiers. After the test,
204
even the most irradiated samples did not show a lower value.
205
To account for these results, we proceeded to calculate the value of the impedance between 
210
The capacitor between the isolated grounds was measured by means of a Hewlett Packard 4192 211 impedance analyser in the 10-100 kHz frequency range, the results being shown in Table 3 . The 212 first fact to bear in mind is that the actual value of the capacitors is higher than that specified 213 by the manufacturer (2 pF). However, in any case they are very close so the discrepancy can be 214 This parameter is closely related to the typical output error and was measured following this 245 method. The device was biased with noise-free power supplies and the input connected to ground.
246
After waiting for a few minutes in order to stabilise the output, a high-accuracy multimeter mea- 
